
Part 13. RADIUM-URANIUM EQUILIBRIUM AND RADIUM-URANIUM AGES OF SOME 
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2. Radium-uranium content and radium-uranium ages of some high-erade carnotite and metatyuyamunite samples :-; 
:. containing less t h  . . _ .  - .  ___^ ~ . .  , 

Ten samples of carnotite and metntyuyamunite ore that  con- 

ears, a re  present 
ized ores. .. 

- --maining three-samples have not 1 

approximate lend-uranium age c 
lend-bearing minerals if they have not been signiflcantly 
leached of lead or uranium. . . . .. 

and fractures a re  low in lead ( less  than 0.01 percent) and . ' a  .1 

and selenides are present. '.Uraninite and c o f i t e  are 
. . . . . .. .. .-. .associated with carbonaceois "materials j vanadium is 

silicates.. 
appeaP from fleld relations to be of recent origin. These coat- -.- 
ings are local concentrations formed nfter the water table was -Oxidation of the tririium deposits probably took 
lowered and the deposits were oxidized. If these minerals a re  place when the water table was lowered. Ores exposed 
not now in radium-uranium equilibrium, did not contain Thy&-.  to 'the 'air oxidize rapidly 'a& a'highly pariable and 
and Roq.at the t h e  'of their ,deposition, and have not been :p&&ple; mineral &ite &sults~(p$;,j 5 of this'volumd). . 

Thai or uranium, their Urn, zf format ion .&n 'b  'establish&l. =~y?nadiym, mineqlS-~x~dize"from 7$.L..;. :vanadium ,-. (111) to . .  .; ' . :. 
Radium-uranium ages determined on flvc Colorado plateau sec-. - ' -Vhdium .'(Iv) .'and "(v) mlnerds . .  arid ' uranium 

15 1 

Carnotite and metatyuyamunite thnt have formed on joints ~ present in montroseit~~f&J in 
... . . .  and marcasite 're kbundant* 

I further altered by selcctive leaching or enrichment of 

- . ,. .. .... 
. - _ _  
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minerals oxidize from uranium (N) to (VI). When of oxidation essentially in place accompanied or fol- 
the uranium is in the sesivalent form it is relatively lowed by some leaching. The lead-uranium ages of 
soluble and free to migrate unless precipitated by com- these samples are variable. 
plexing with vanadium. Many samples of ore con- 4. Coatings of carnotite and tyuyamunite or metatyuya- 
taining carnotite and tyuyamunite -(or metatyuya- - - - munite on joints and fractures are relatively rare and 

. munite) which were formed in place give Pb20e/U238 make up a very minor amount of the'secondary ura- 
I .:-..ages comparable to the unoxidized ores because there -.&urn ores of the Plateau. --The geologic evidence in- 
. s,.: -was no opportunity for the uranium or the elements de- -dicates they are of Quaternary age. 

, . . . rated. Some deposits, however, have been leached bo& 

I 

T'  rived from the decay of the uranium to -become sepa- _. 
.-IUM-UR-~NIUM . . .  EQUILIBRIUM . ' 

during and after oxidation, the uranium and vanadi CONDITIONS FOR EQUILIBRITJH . .. - 
having migrated relative to Thm, Raze, and radio -uranium equilibrium is established when the lead. ZA criterion of such movement of uranium and .radium formation and decay are equal. Ninety- vanadium mould be the 'redeposition of carnot 
metatyuydmunite 'on L,-..: . ~ o ~ t ~ - a r i d - ~ ~ ~ ~ c t U r e s  . ', .'containing ';+ cent of radium-uranium:equilibrium is attained 

in-approximately 500,000 years "(Rhopf, 1931, p. 110) essentially no radiogenic lead. "In other cases, daughter assuming ThZ3O mas not present at the time of deposi- products may be moved and the uranium and the radio- - tion. ..The isotopes of uranium, U?:and UZs8, decay 
. through -two series"of ridioactive nuclides to the ra- 

other measure .. .. of . -  . migration . -  .i.. .-- of . &dioactive . daughter dium isotopes,- Ra228 and Ram:, respective1y;'which in 

.to the stable end products PbZo7 -. and .._ . Pbzoe, respectively. . M. Shehood and R. G. Milkey of the. U. S. Geo--. 
a1 Survey made the chemical analyses for u & h m ' .  The.'contribution of the actinium series' ( V 3 s )  to the 

rndium content in the samples is negligible and there- 
Bureau of Standards, hnd Job Rosholt of the' irfore, this series will not be considered in the discussion 

->.that follows. 'Figure 1 .is a curve of the age in years 

. 

. .. 
. . ' ,: genic lead remain .in 'place. "'"Presence ' of -.radium- . ; 

-. ... 

m-disequilibriuni' in -ores oxidized in place is. a . . ..,.. a .  . 

during the past 600,000 years. ..:::- - ---I . .  turn decay through a number of radioactive nuclides 

R. G. Rice and w. A, peavg, J~., of the N ~ -  

-. .: - Geological Survey measured the radium co 
.-_-_ .,.--. .-. - .I___ .. ., . .. - - __ lotted against percent .Ray$yand 

.fopthe range 10,000 to 500,000 years. 
If a uranium mineral contains les 

..:: samples. :;-. .:- ..., :-. f-- :,.-,- .:. : .. , %  .& -- -; : . . 1 , . -  - . .  . .. .. 
OCCURRENCE OF CARNOTITE, mUYAM 

. . -.-METATWYAMUNITE _ _ _  . ~ ".__ .-.!>i;.2F; .qrs:..:-.8,A. ..* ;,: ;.). ,... red by the equilibrium ratio 3.32 X 10-7 g Raza/g 
-. Several distinct occurrences of carnotite, tyuyamu- :'UZg8, two explanations are possible: :.'I-.-. . .:. ... -. 
nib, and metatyuyamunite can be observed in the field -1. The mineral has been unaltered since deposition, and . ' 

. _  - - 
nd laboratory. These occurrenc%s irre :--;z..-: -its age is l e 4  than 500,000 years. Le-&-- . .. -. . . ~ - .- . .. . . . . . . ... . .. - .. - - . 
;:-Secondary--uranyl..vanadates 'locally repla .-'The -mineral has been-influenced by selective--leach- . . . .. 

. . .. .. 
.:' material such as branches and trunks of trees and ': ~:;in& of Ram, ThZBo, or enrichrient of uranium, or all 

of the mineral is 
nrichment has 

"trash piles" of organic -material. Some. of these 
urrences are very rich in uranium and samples 
h-as- much-as-35 -percent-uranium may be, obtai 

:---- . .  . J*.  with -little puri6cation;TCelluliw structure -ofthe 
5 'ri :23yfwoody materials is no Jonger'visible in thin sectio 
- ~ . . . _  

uranium ages, for Z .L-  
that 'uranium in . . . --___ ..' ' -' although in the.field the"genera1 treelikekhdpe is'& 

---.2.-. .__. , 

. evident.xAge -'dete&inatiok-. by -'the 2eGd-uSii plGsThas'migr&d Gvay . .  'from-.its . 'former loca:'.-- :-:- _. 

method of this type of occurrence of carnotite, tyuya- tion. I n  addition it must bo assumed that all the ThzS0 
munite, and metatyuyamunite as a rule give Tertiary and Razzo present has been produced since the redeposi- 

' ages but not Quaternary ages; : ..:- ~ : . , -,-i . . ~, tion of the uranium. Finally, the geologic evidence 
- 2. Some of the secondary uranium 'minerals from the' . for lack of post-mineral leaching must be established. 
. - ." Colorado Plateau impregiiite'clay pebbles of various .. ? I n  pyritic environments uranium ores can also depart 

.... .- -sizes and shapes. ::These clay pebbles are of varying from equilibrium in the direction of a large excess of 
igh grade. radium -caused by preferential leaching of uranium 
anium ages .:. (Phair and Levine, ,1953, pi. 358) -: However, to the 
s young ns ?authors' knowledge large excesses of radium are Uncom- 

'disscminated :::from thi-Plateau, suggesting that . 'ihis .. type of aItem- 

.,., . .  
::: ' . 

' 

* < , . v 7 < . ~ , , - ~ . , 7 . . s &  ..-- i&-,.q:r&~- mon.'in the y r i o u s  occurrences L...?.,. . , , . 'I  'of * '  secondary minerals . .  

in sandstone. These'ores are believed to be the result tion is unusual. 
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representative 0.f small quantities of ores, and that all 
samples from bulk specimens of ores showed normal 
radium-uranium ratios, was interpreted as an indica- 

- -tion of local reconcentration of radium within the ore ...... . . . .  ... - 

. . . . . .  . . .  body rather than removal of the radium by leaching. .... . .  . _  .- . . . . . . . .  - .  

. _  ...--...-4 RADIUM CONTENT OF UNOXIDIZED URANIUM ORES .. ... ........ .. . .  -. . Y  . .  
. . . . . . . . .  . . . . .  _ _ _ _  ... It is reasonable to expect that samples of massive, un- . I  

leached uraninite .would be essentially in radium- 
uranium equilibrium. At the present time, however, 
.only -two ,samples :of . unoxidized Colorado Plateau 

inite':ih&e -1 .-been - ':ixamined indirectly for their 
die-uranium ratio. '-j:Senftle,--Stieff, Cuttitta, and 

a '(1957) have de&&ned that .the RaZm/RaP8 
rdtio for samples of uraninite from the Happy 

Jack mine and Mi Vida mines, San Juan Co., Utah to 

. 

' 

- '  be 0.048. .This agrees with the value of 0.048 for the 

Great Bear "Lake .uraninite .which . . . . . .  is in radioactive , 

eqiiilibriuii.'--:For samples of secondary hinerals from , 

. the Colorado Plateau, Kuroda (1954, p.'10) determined .' 

; Ra2Y/Ra2Z?. activity ratios of from 0.0441 to 0.131. ' He %s-- . 
interpreted this variation as a variation in the U238/U2s8 
ratio. :However,. mass spectrometric analyses of the 
uranium -present .in a selected group of secondary 

. . .  ... . .  _. . . . .  Ra~s/Ra2z'!~,.acti~ty ratio determined by Kuroda for 

. _. 

._ 
Colorado--:.,Plateau 7 samples ,-:;do ;:,not'-. . h o w  a n i  
variation :greater '.@an':0.8 percent in the U2a6/TFL 
ratio. (Senftle, Stieff, Cuttitfa, and Kuroda, 1957). 
The variation in the Raz23/Ra22e activity ratio is here 
interpreted to be the result of recent preferential leach-, 
ing of daughter elements during oxidation and is a . " IO 20 30 40 50 60 70 .Sd So 100 

. 
consequence-of . .  the relatively shorter time required for 

!z:. ;.~mpa+i.--t-.:-Ra~~ tp_-rgtG-.-+ v.dioaCtive_.- 
.+. .. . . . . . .  - . . . . . . .  

. .  ._ :f:I .:,:.y::c.:; -,:- . i . . . .  . .  . .  . -  . .  

_ .  

. . . .  
. -  

. . _ '  . .PBEmOUS WORK .'.-' i ' '  .'. .' RADIUM CONTENT O F  OXIDIZED URANIUX ORE . 
I n  the study of the variation of the radium-uranium Of the 10 samples of oxidized uranium ore tabulated 

r~tio.-in~minerals-othcr--tha(n pitchblende,~Bolt.wood,inl_t_able.-l:co-ntaining ...... mora-than-O!l- percent lead, 7 are . . 

(1904, 1908) and McCoy: ?.. (1904, 1905) found that car- .' deficient in radium when compared with the equilib- 
notite-'did not"&ow any abnorGli,tiesI '' Mile,' Gled- rium amount. .=.Three of the samples are in equilibrium 
itsch--( 1911) . and Marckwdd . and- Russell - (.l9lla, .p. ---within experimental error. --As these 10 samples contain -- - -.-. -- 

771; 1911b) found, however, that- ea11  samples of radiogenic lead they should not be dated by the radium- 

. 

carnotite were appreciably deficient in radium. 
Lind and Whittemore (1915) have published the only 

iletailed study of the raclium-uranium ratio in Colorado 
Plateau carnotite. .They found that in samples of a 
fern hundred pounds to several tons the ratio was in 
qreemont with that of pitchblende, whereas small sam- 
ples of a few pounds or less exhibited abnormal ratios. 
h one small sample the ratio was 25 percent deficient- 
md in another 39 percent in &cess of tho normal ratio 
€or .pitchblende. ::,The fact that abnormal radium:' 
iranium ratios, both high and low, occurred in samples 

uranium method. These radium analyses are consistent 
with those reported for small samples by Lind and 
Whittemore (1915) and those reported by Gleditsch 

As a rule, the near-surface occurrences of metatyuya- 
munite and carnotite have the greatest radium defi- 
ciencies. , However, even samples collected from under- 

. ground occurrences may show large radium deficiencies. 
-; For exampl.e, samplcs from the Club mine (Nos. 61,62, 
-. and 03) were.collected within 30 feet of each other and 

havo essentially the same Pb200/U298 ago of about 70 

. . . . . .  (1911)*, : . ~ - : -~ -  . . ~ :  ...~: . . . . . .  . -  . .  
. .  , 

. .__. 

- .  
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TABLE 1.-Radium-uranium content of some high-grade lead-bearing carnotite and metatyuyamunite samples 

Experl- 
mental 
6 Ra/gl 

samplc 
(X10-0) 

Type of 
Sample No. occur- 

rence 1 

Percent 
rndlum- 
urani!un 

cqm- 
llbrium 

l- 

10. E 
11.1 
8. e4 
1. i 8  

. 7.19 
a 45 

Locallty 
. 

excess 
98 
92 
81 
36 
85 
73 

Theo- 

' u.1 The-= numhers refer t.n the numbers dven under the hesdlna "OCWreIICe Of .-... .. 
...: 'eamotlte. tyuyamunlte, and m e t a c y u ~ i i n l t e "  on p. 152. . - -. . - -.. 

: '' '., ' '-- .. * *  ' 
. 2:. 8 PreDnred for nnolysls by R. 0. Rlce and countnd un!er dlrcctlon of L.'9. Stock- 

. - :-.- 8 Computed from g Rn/g U in equlllbrlum-3.32X10-~ Rnlg U. . '- ' 

I 
60 
83 

excess 
11.3 5 

a8 much 83 1 inch thick nnd also a8 dlssemlnnted meterlnl. The cnrnotlta In sample 20 
was taken from n plllnr approllmately 100 feet lnslde the ortd where the camotlte 
Occurs both in s d  Dockets and ns dlssemlnnted mntnrd. Thls aample wna over- 
lain by approxlmately 30 feet of sandstone. 

Samples 25 and ZS.-Snlt Wash sandstone member of the Morrlson formntlon. The 
deposlt Is rcschcd by nn Incllno. Sample 25 wn8 collected from a clayey seam of 
rnrnntltp In the hnrk of a smnll drUt no~roxlmatelv 25 feet from the foot of the Incline. 

lcctcd 'from 3 freshly hlmtcd faC0 Of the Open Cut. The tyUYamUIIltC and mCt3- s ; l m i ; 1 6 ~ - ~ ~ ~ - ~ ~ ~ ~ ~ r o m 3 n o ~ h ~ c l ~ j . c y  scam 6 the back of a stope npproxhntcly tyuyamunlte are found I L ~  matlugs on the jolnts and fractures, M disseminated mnterld 
89 

:""tyuyamunito and metntyuyamunlte replacements of clay pebgles. The sample Wag 
. :: -.covered by a mlnlmum of 6 to 10 feet of sandstone a d  probably wa9 protected from 

high grnde CBRlOtlto with corvuslte aPProd- 
- mately 140 feet inslde the portnl of %e lower haulage adit. The fleld relations of 

snmple 13 strongly suggest that the rnlnerallzlw solutions Were controllud by asmnll 
. joint. In compnrlson to the Jo Dandy mine ample given in table 2, this sample Is 

'Samples 19 and 20.-Snlt Wnsh sandstone member of the Morrison formation. 
Bamplo 19 was collected from n plllnr nt the mine portd nnd should be rePrcsentattve 
of the eflects of modernte weathering. The metatyuyamunlte occurs as a claycysenm 

160 feet from sample 25. 
Samples 111.62, and 63.-Salt Wnsb sandstone member of the Morrison formatton. 

AU three samples were collected from n small stope approxlmately 200 feet from the 
entrnneo to the upper workings of the mine. Samples 61 nnd 63 were collected from 
a clnyey seam near the back and on the opposite sldes of the stope. Sample E1 WOS 

lower In the formatton than sample 63. sample 62 was collected 
from the back near the mlddle of the stope. Thls snmple seemed to be a cnmotlte 
re lmrnent of a cntshed log. 

inmple61.-8nlt Wash snndstone membcr of the Morrison formntlon. The deposlt 
hns been devetopcd by an incllne. The snmple wn8 obtained from the Brst drift - well protected from the nRocts nf weathering. .:: . .. ..( . . . . . . . . to the left down the Incline. Close to tho sampln locntlon, the deposlt wn8 overlain 
by about 10 to 16 feet of sandstono. The snmplo wn8 taken from a rich pocket of 
clayey avnotlte and wrvmlte. Tho WnOtlte Is dlssemlnntcd or OCCUTS In tbln 

: in the sandstone nnd conglomcmte, In thin v e h  of very UT8 mnterlnl, 
. 
. . ...A. extreme WentberinK. 
~ ... ;:?:!*i., sample 13.-Salt Wash sandstone'mcmber of the Morrlsdn-formation- 'aaiuile 13 '-' collect,,d 

..-...... ~ , .  *:,,r-< .,._. .-.,,..-- ..... . 1- .*,t."-.. 

" ,' was tnken from n smnll pocket of ve 
' 

I .. 

it result of the short time that has-elapsed since the 
formation of the minerals. 

RADIUM CONTENT AND RADIUM-URANIUM AGES O F  
SECONDARY URANIUM MINERALS 

In recent work Garrels and others (Part  15 of this 
volume) give a comparison of the uranium and equiva- 
lent uranium dcterminations for specimens from a chan- 
'ne1 sample from the Mineral Joe mine. These measure- 
ments show general agreement for each sample 
indicating that the channel sample is in radioactive 

. equilibrium in spite of marked differences in extent of 
oxidation from sample to sample. This is evidence 
supporting the conclusion that uranium or  radium has 
not been lcaclied from tho channel sample. 

. 

The calculated radium-uranium ages for four sam- 
ples of carnotite and metatyuyamunite from the Colo- 
rado Plateau containing less than 0.01 percent P b  de- 
termined by the Geological Survey together with the 
earlier result of Hess and Foshag are given in table 2. 
These samples are carnotite or metatyuyamunitie. 
.Their ages range -from 10,000 to 120,000 years. .The 
spread in ages from 10,000 to 120,000 years is real pro- 
viding that there has been no postmineralization leach- 
ing and no ThZ30 or RaZze was deposited with the Sam- 
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f ' A ~ ~ ~  2.-Radi,~?n-l~rarlium content and radium-uranium ages of some high-grade carnotite and metatyuyainunite containing less 
than 0.01 percent lead 

':~rco mine Yellow C3t group, Orand County, Utah _ _ _ _ _ _ _  
o Dandy &no, Montroso County Colo . . . . . . . . . . . . . . . . . . . .  
.lny Dny mine Mesa County, Colo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  :- 
;mmU Spot minb, Mesa County, Colo. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
{rldger Jnck Flnt, Cnno Springs PnsS, Utuh 8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Locnllty 

Cnrnotlte. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 n.2 9.03 ' 2.00 29 40.000 
I 20.0 6.64 8 .401 . : 7 .;: . 1O.ooO hletutyuyamunltc .... _ _ _ _ _ _ _ _ _ _ _ _ _ _  

02 . '  105.000 *U.O 0.173 _____do ____________________------.---- 
_____do. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -. 
Cnrnotlte ...I __________________.____ ' 54.6 -0. 188 { .. . : } . ',I ,-. 67 :,' ' 120. Mw) 

' .IO8 '.'.. a 58.0 ..-:'*o. 184 , .: .:4 .- 2':;. .:, 1s ' ': : 24, Mw) 

Thcorctlcnl. Expcrlmcntd. Pcrccnt 

(pcrccnt) snmple snniiile urnnium 
MhCMl - 1 U - 1 6 Ralp 1 g Rnlp 1 ndlum- 1 Rn/Unge 

(xlo-') (XlO-5) eqlullbrium 

~ :ind fracture coatings have been recently deposited and coatings contain only trace amounts of lead and are not 
:~re~-re l i i t ed ' t~ t~e~present~eros ion~surface~~The-sou~~~~in-~ndium--uranium-~equi l ibr ium.  - -  . . . _. --Assuming that the 
of the..metals in  those .secondary coatings was the -. ~ n - . - ; - T h ~ ~ ~  - .. . . . .- and . Ra22e -present have been produced since the 
oxidized vanadium and uranium ores whose age is formation of the -kinerals,- the' ridium-uranium ages 
(;bought to be not greater than 75 million years (Stieff, calculated from their disequilibrium range from 10,000 
Stern and Milkey, 1953, p. 1 ; Sticff and Stern, 1952). to 120,000 years. These ages indicate that some Quater- 
These Quaternary ages fiive- the approximate time. for . .  nary -redistribution .of - the _- uranium - ___ - in .. the Colorado 
t.he oxidation of the particular deposits.------ ' Plateau-deposits--has occurred -after their -oxidation. . ' . 

These Quaternary ages were determined on local 're- - Finally, local concentrations of radium sulfate copre- 
concentrations . of - carnotite . - and metatyuyamunite which -cipitated with barium sulfate are present in some osi- 
Eormed after -the.wnter 'table-was lowered and the de--zdizcd deposits. .Theseconcentrations of radium are ap-' . -. -. . .. 

posits were oxidized; the ages give a minimum time for parent for only about 15,000 years after their formation 
oXid:LtiOn of the particular deposits. because of the relatively short half-life, 1,620 years, of 

radiumz2" and are another indication of Quaternary 
alteration of the uranium deposits. 
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SUMMARY 

Methods of determining the time of Quaternary al- 
tmatiori of the oxidized Colorado Plateau uranium ores 
:ire hero suggested. First, there is a group of uranium 

ore samples contain significint amounts of radiogenic -..:',- 

[t is assumed that these samples were in radium- -S:i.lrndlum dnns les mlnernux actifs: Le radium, tome 8, p. 
ti  r:iniwn equilibrium uti til oxicla tioii and Qm ternary 

minerals: Am. Jour. ScI., 4th ser.. v. 18, p. 97-103. 

Jour. Sci., 4th ser., v. 215, p. 200-208. 

ores which appear to have been oxidized in place. These . .  

-. 
lead yet they are not in radium-uranium equilibriunl' --, . Gledltsch, Ellen, 1011, sur le rapport 

250-273. 
4086.52-650-11 

I Average of four detormlnntlons: two by L. R. Stlee. M. N. Okhnrd, and T. W. 
tern U. 9. Ocologi~al Survey, and two by W. A. Penvey, Jr.. Nntlonal Burenu of May Dny mlne.-Salt Wash member of the Morrlson formntlon. The snmple was - . .  . - tnken frarn n jolnt surfnce nt the portal of tho mine. Thls metntyuymllILite formed 

Small Spot mlne.-Snlt Wash sandstone member of tho Mo&n formntlon. "This 
ssmple of comely crystalline metntyuynmunlte hnd formod on gypsum whlch filled 

. Annlys'f: R. 0. Rlcc Nntlonnl Bumnu of Stnndards. 
1 AMlyst: A. M. Shc;wOod, U. 9. OeOlOplcal Survey. 
4 AMlyst' John Rosholt. U. 8. OeOlOKhXd Survey. - ' - .'.. : L- -.-*.'* :. . 
1 Hess F 'L nnd Fosbni, W. F., 1927, Crystalllne cunotlto from Utah: U,S. Nat. 8 fmcture In the sandstono. The snmple was found in the. om,hin and no . lnformntloq . . .  - .  . 

. concemtng It8 exact locntlon within the mlne ls nvnllnblc. " :..c:.. .. . . . .ius. p&, <72, mt, 12, p. 1". ;. ..... ..-.. . 
-.- Brldger Jnck Flnt.-Salt Wash snndstone membcr of the Morrlson formation.- 

Pnrco mlne.-Snlt Wash snndstone member of the MOI+iSon -fOnIIatlon..'The -Ha and Fashag (leu) dcserlbo this sample. thus: "The mlned formed wmpnct 
,imple was collected from contlnm of cnrnotlte found on tho surfnce Of blnt  blocks I -tS one to two mulimeten thick nnd 15 to 20 centimeters broad on the walls of 
.t tho entrnnce to the mlne sad  from blocks of snndstone found on the mino dump. -W cmcks. Where tho crusts did not entlrcly fill tho crncks tho erposed surfnee So Dnndy mlne.-8nlt Wwh snndstone member of the Morrlson formntlon. Thls 
:Implo was taken from n complotoly unprotected outcrop of very frlnble mlnernllzed '* 13 greenish and lndlstinct terrnlnntlons." 

sandstone In an open cut lcndlnp to the lower hnulncre ndlt of the mlne. 

tpndnrds - c .'- :>, .%-, -. . , .,-; ,:,:,: .,-on gypsum M d  was comely crystalllne. . . .-:-.,,a7 . - . .._ ". . '--: *ii 

- r . .  
. - --.. ._.-_ ... :,!. .i . *--E ... 



- -  156 - - -- .. .. . . .. .GEOCHEMISTRY AND MINERALOGY, COLORADO PLATEAU URLWIT-~~K ORES 

Hess, F. L., and Foshag, W. F., 1927, Crystalline carnotite from - 1908, Radioactivity as an atomic property : Am. Chem. 
Utah: U. 9. Nat. Mus. Proc., v. 72, art. 12, p. 1-6. . SOC. Jour., v. 27, p. 391. 

Knopf, Adolph (Chnirman), 1031, Physics of the earth. IV. The Phair, George, and Levine, Harry, 1953, Notes on the differen- 
age of the earth : Nat. Research .Council Bull. 80. : tial leaching of uraniuni, radium, and lend from pitchblende 

Kurodn, P. K., 1054, On the isotopic .constitution of radium -- -. in HISO, solutions: Econ. Geology, v. 88, p. 353-369. 
- (Ra223/Ra226) in uranium minerals, and recent problems of. .- .  Senftle, F. E.,.Stieff, Lorin, Cuttitta, Frank, and Guroda, P. G., 

geochronology : Univ. of Arkansas, Dept.. of Chemistry, 1057, Comparison of the isotopic abundance of U= nnd Um 
unpublished report. :. . _ . .  and the radium activity ratio in Colorado Plateau uranium 

Lind, 9. C., and Whittemore, C. F., 1915, The radium-uranium .$I:-'bres: Geochim. et Cosmochim. Acta, v. 11, p. 189. !, 

.. . ratio in carnotite : U. S. Bur. Mines Tech. Paper 88. P. 1-28. Stieff, L. R.;and Stern, T. W., 1952, Lead-uranium ages of some 
Marckmnld, TV., and Bussell, A. S., 1911%. uber  den Radiumge- ...,-.;.. :..uraninites from Triassic and Jurassic sedimentary rocks of 

halt einiger Uranerze: Deutsche chem. Gesell. Ber.; Jahrg.:: . _. J .the Colorado Plateau (Abstract) : Geol. Soc. America Bull., 

.... :: 

.. . . _ .  . .  . . .  . . .. ' 
' v. 83, p. 1290. 

SHefP, L. R, Stern, T. W., and Milkey, R. G., 1953, A preliminar$' 
.L-m 7. ;--' rad0 'Plateau by 'the lea 

d e t e g n a t i o n  of ?e age of some uranium ores of the  Colo- 
.. . .. 

. _. 


